Analysis of a single α-synuclein fibrillation by the interaction with a protein nanopore.
The formation of an α-synuclein fibril is critical in the pathogenesis of Parkinson's disease. The native unfolded α-synuclein monomer will translocate through an α-hemolysin nanopore by applied potential at physiological conditions in vitro. Applying a potential transformed α-synuclein into a partially folded intermediate, which was monitored by capture inside the vestibule of an α-hemolysin nanopore with a capture current of 20 ± 1.0 pA. The procedure involves the critical early stage of α-synuclein structural transformation. Further elongation of the intermediate produces a block current to 5 ± 0.5 pA. It is revealed that the early stage fibril of α-synuclein inside the nanopore is affected by intrapeptide electrostatic interaction. In addition, trehalose cleared the fibrillation by changing the surface hydrophobic interaction of A53T α-synuclein, which did not show any inhibition effect from WT α-synuclein. The results proved that the interpeptide hydrophobic interactions in the elongation of A53T α-synuclein protofilaments can be greatly weakened by trehalose. This suggests that trehalose inhibits the interpeptide interaction involved in protein secondary structure. The hydrophobic and electrostatic interactions are associated with an increase in α-synuclein fibrillation propensity. This work provides unique insights into the earliest steps of the α-synuclein aggregation pathway and provides the potential basis for the development of drugs that can prevent α-synuclein aggregation at the initial stage.